This experiment uses a DTA-TG analyzer to perform thermal analysis on Tartary buckwheat flour under static-air condition. The best experimental conditions for the thermal analysis of Tartary buckwheat flour are: sample mass 3.000g, heating rate 10°C/min. This paper studies the thermostabilization of Tartary buckwheat flour and concludes the four stages of thermal decomposition of Tartary buckwheat flour via extrapolated onset temperature of the thermogravimetric curve, as well as the proper processing temperature for Tartary buckwheat flour should be lower than 266.74 °C. By comparing Stava-Sestak method and FWO method, we can get that the apparent activation energy of the thermal decomposition of Tartary buckwheat flour is 235.38 KJ/mol, and the frequency factor is LnA = 44.07. Through comparison between 30 mechanistic function models and kinetic mode function models, it infers the most probable mechanism function for simulating the thermal decomposition of Tartary buckwheat flour. The reaction kinetics model of the decomposition of Tartary buckwheat flour is preliminarily calculated, which has provided a theoretical basis for the temperature control of Tartary buckwheat flour during the processing.
INTRODUCTION
Tartary buckwheat is a kind of coarse grain which has been proved by many literatures to have health care function [1] . It is widely cultivated in the western part of China and has great development values as people are paying more attention to the health nowadays. However, in current China, the development of Tartary buckwheat is still in its infancy compared to other developed countries, and there are few studies on the modern process parameters, resulting in the current Tartary buckwheat products have many problems in the R&D and actual production process, such as the change of the properties of active substances due to improper control of processing temperature during processing weakens the health-care functions of the Tartary buckwheat products [2] . At present, the application of Tartary buckwheat in food has involved aspects of processing methods, processing characteristics, influence mechanism and processing technology, and the influence of enzyme chemistry on the quality of processed products. However, the research and application of DTA technology in Tartary buckwheat processing is rare [3] .
DTA [4] is a thermobalance technology that uses programs to control the heating rate and sensitivity, by recording the mass and energy change of a substance during heating, it determines the temperature at which the substance begins to lose weight and obtains this substance's thermal stability. Through non-isothermal kinetics, it can calculate the substance's activation energy and frequency factor so as to determine the mechanism function of its thermal decomposition reaction and predict its thermal decomposition reaction model, which provides a reliable theoretical reference for the Tartary buckwheat flour in the processing and storage process. The apparent activation energy, frequency factor and mechanism function obtained are also important theoretical parameters in the in-depth study or processing of Tartary buckwheat flour.
MATERIALS AND METHODS

Test materials and equipment
Tartary buckwheat flour was purchased from Hangfei Tartary buckwheat Co., Ltd., moisture content is less than 10%.
SHMADZU DTG-60 DTA-TG analyzer: Shimadzu Corporation, Japan. The heating range is 20°C~600°C; the atmosphere is static air; the reference material is an empty ceramic crucible.
Test methods
Method for determining the best thermal analysis image
By comparing different sample masses, the corresponding thermal analysis images are first obtained, then the sharpness and apparent degree of the peak shape are also compared to obtain the best thermal analysis image, and this mass is taken as the best sample mass, again by comparing different heating rates we can obtain different thermal analysis images, and the same standard is used to obtain the best thermal analysis conditions and thermal analysis images.
Solving thermal analysis kinetic factors
(1) Determination of activation energy E and frequency factor A The FWO method is used to substitute the temperature of the equal conversion rate under different heating rate conditions in to the FWO equation to solve the activation energy and the frequency factor [5] .
(2) Determination of the mechanism function G(α) Each mechanism function is substituted into the SatavaSestak equation to solve the activation energies Es and As, and compare them with the activation energy E obtained by the FWO method. Select a kinetic mode function that satisfies the following condition: [6] 
Then, determine the optimal mechanism function by calculating the correlation coefficient. Tartary buckwheat flour sample mass on  TGA curve In this paper, a set of five samples were prepared with a gradient of 1.000g between 1.000g and 5.000g, and the heating rate was controlled at 10 °C/min. By selecting the mass with sharp and obvious peak, the best sample mass suitable for the measuring of TGA curve was selected. The mass change has no significant effect on the TGA curve, but has a great influence on the DTA curve, and all curves showed three peaks, among which the peaks of the 3.000g sample are more obvious and easier to analyze. By comparison, 3.000 g was finally selected as the best sample mass for the thermal analysis test of Tartary buckwheat flour. The faster the heating rate, the more severe the temperature lag, and the initial and end temperature of the weight loss will lag and the information of some intermediate product might lost [7] . In this paper, by comparing the influence of heating rate on Tartary buckwheat flour, the temperature gradients of 5, 10, 15, and 20 °C/min were respectively set at a mass of 3.000g to obtain the most suitable DTA/TGA curve for observation and calculation.
RESULTS AND ANALYSIS
Determination of the best DTA-TGA image
Influence of
The slower the heating rate, the earlier the energy peak of the DTA curve appears. This is related to the sensitivity of the instrument. The slower the heating rate, the steeper the curve from 300K to 700K. It can be seen from the comparison of the DTA curve that the peak shape at a rate of 10 °C/min is clear and obvious, so the best heating rate for the differential thermal analysis of the Tartary buckwheat flour is 10 °C/min. In summary, the best conditions for the final selection of the Tartary buckwheat flour heat analysis test are: the heating rate is 10 °C/min, and the sample mass is 3.000 g. Figure 2 . Influence of different heating rates on DTA/TGA curves
Analysis of the thermal decomposition process of Tartary buckwheat flour
The DTA and TGA curves were drawn by the preliminary experiment, and the extrapolated onset temperature of each reaction was found using TA60 software [8] as shown in the figure below. As the temperature increases, the first stage is the dehydration stage, and the temperature at which the reaction starts is 300K~388.51K, that is, 30°C-115.00°C. The weight loss rate of the Tartary buckwheat flour in this stage is 9.314 %.
The DTA curve in the transition stage is relatively stable, the mass change is not obvious, the reaction temperature is: 388.51K-539.89K, namely 115.00°C-266.74°C. At this stage, there is no significant mass change in the Tartary buckwheat flour, and the temperature range is a suitable for processing.
The second stage is the stage where the weight loss of Tartary buckwheat flour is the largest, and the reaction temperature is 539.89K-593.86K, namely 266.74°C-320.74°C. At this stage, the weight loss rate of Tartary buckwheat flour is the largest in the whole thermal decomposition process, reaching 54.626%. The processing temperature should be lower than this temperature range, and this paper mainly studies the kinetic model of this stage.
In the third stage, the Tartary buckwheat flour undergoes carbonization reaction and other reactions, and the weight loss is 31.309%. The reaction temperature is 593.86K~873.49K, namely 320.74°C~600.34°C. The third stage actually contains two reactions. Because the temperature is too high at this stage, such high temperature processing is generally not used in the actual processing, so we merge these two reactions into the third stage.
In summary, the free water content in the Tartary buckwheat flour can be roughly calculated to be 9.314%, and the temperature at which the Tartary buckwheat flour begins to decompose largely is 539.87 K, namely 266.74 °C. The temperature should be controlled during the processing of Tartary buckwheat flour products so that the processing temperature of Tartary buckwheat flour is lower than this temperature.
Derivation of thermokinetics parameter solving formula
Derivation of reaction kinetics formula
According to the mass equation, the reaction rate formula can be expressed as:
is temperate the unit is K is heating rate the
According to Arrhenius equation, there is [9] :
where: A is the frequency factor; E is the activation energy, the unit is J/mol; R is the molar gas constant; T is the thermokinetic temperature. Substitute (3) into (2) to get:
Separate variables and integrate, then we can get:
Unfortunately, the integral on the right side of the equation does not converge in the right domain of T=0, so an accurate analytical solution cannot be obtained, therefore the StavaSestak integral formula is used to approximate it.
Kinetics mode function
is a kinetics mode function. The correct choice of the mode function has a very important influence on the solving of the kinetic parameters [10] . This paper compares the commonly used 30 [11] kinds of solid-phase non-isothermal kinetics mode functions, as shown in Table 1 (1-α)
Firstly, the 30 kinds of kinetic mode functions were respectively substituted into the Stava-Sestak equation to calculate the apparent activation energy and frequency factor respectively. Compared with the FWO method, the kinetic mode functions conforming to the Stava-Sestak method were selected, and then the pattern matching method was adopted to select a set of kinetic mode functions with the best linear fit, and the mechanism function calculated by this kinetic mode function was taken as the most probable mechanism function for the thermal decomposition of Tartary buckwheat flour to establish the thermal decomposition kinetics equation and to give theoretical predictions of the thermal decomposition reaction of Tartary buckwheat flour.
Stava-Sestak method
The Stava-Sestak method [12, 13] calculates the kinetic parameters by substituting various possible kinetic mode functions into the Stava-Sestak equation and calculating the regression equation, then it combines with the kinetic parameters obtained by the FWO method and the linear fit of the regression equation to select the best most approximate mechanism function.
By approximately solving formula (5) we can get formula of the Stava-Sestak method:
By substituting the 30 kinds of kinetic mode functions of Table 1 (6) we can get the FWO equation [14] :
where: β is the heating rate; A is the frequency factor; R is the ideal gas constant, takes 8.314 here; E is the activation energy, the unit is KJ/mol; T is the reaction temperature, the unit is K (Kelvin).
By analyzing formula (9) we can find that, lgβ has a linear relationship with 1/T. In the actual calculation, α takes the temperatures of 0.10, 0.20, and 0.30, respectively. The linear regression equation of the two are obtained by the least square method. The activation energy E is obtained from the slope, and the frequency factor A is obtained from the intercept.
An outstanding advantage of the FWO method over other methods is that it is not necessary to determine the kinetic mode function. For complex high molecular substances such as Tartary buckwheat flour, it is often impossible to determine its specific reaction, so it causes great difficulty for the determination of the kinetic mode function [15] . The apparent activation energy of Tartary buckwheat flour can be calculated more accurately using the FWO method. This outstanding advantage of FWO method is also often used to test the correctness of the hypothetical kinetic mode function. The appropriate kinetic mode function was screened by comparing with the results calculated by the Stava-Sestak method.
Solving thermal analysis kinetic parameters
Selection of kinetic data
Six temperature points are selected starting from 561.68K with a gradient of 4K, and the conversion rate and temperature are read as shown in the following table. According to the Stava-Sestak equation, we can know that lgG(α) and 1/T present a linear relationship, and the linear relationship equation can be obtained via pattern matching and the least squares method, then the activation energy E and the frequency factor A of the reaction can be solved by the slope and intercept of the linear equation.
The results of the calculation are shown in Table 3 below: The linear regression equation for each kinetic mode function is obtained by least squares method, y=ax+b.
The results are shown in Table 4 : By comparison, it is found that the 30 kinds of kinetic mode functions have a significant effect on the solving of the activation energy of the Tartary buckwheat flour, correctly determining the kinetic mode function of Tartary buckwheat flour is especially important for the solving of kinetic parameters. As Tartary buckwheat flour is a kind of macromolecular organic matter, its reaction often cannot be directly determined, and its reaction order cannot be directly determined as well, so we can't determine its kinetic mode function by physical or chemical methods. Therefore, for the solving of kinetic mode functions of complex organic matter, the kinetic mode function is often replaced by using the approximate substitution method. This optimal substitution function is the most probable kinetic mode function, and its corresponding mechanism function is called the most probable mechanism function.
According to general experience, the activation energy is a positive number, and substances with an activation energy more than 400 KJ/mol are generally considered to be extremely resistant to chemical reactions at normal temperatures. Therefore, perform a preliminary screening on the obtained results and compare them with the results of the activation energy obtained by the FWO method below, and then solve the most probable kinetic mode function of the thermal decomposition of Tartary buckwheat flour.
Solving activation energy and frequency factor by FWO method
On the thermal analysis images of heating rates of 5°C/min, 10°C/min, 15°C/min, and 20°C/min, respectively select temperature points of a conversion rate of 10%, 20%, and 30%, then the follow table is obtained: Comparison of the activation energies of different conversion rates shows that, the activation energies of the three-stage conversion rate are not the same. The activation energy of the first stage is the largest, which is because the complexity of the components of Tartary buckwheat flour and its reactions has led to this reaction not being an elementary reaction, but a result caused by many simultaneous reactions. Since the most concerned issue in food processing should be the temperature at which the Tartary buckwheat flour begins to decompose, so here we select the activation energy of the first stage reaction with a conversion rate of 10% for our research, that is: E = 235.38 KJ/mol, LnA = 44.07.
Determination of the most probable mechanism function
Compare the 30 kinds of kinetic mode functions and solve their activation energies and errors as shown in Table 7 , the allowable range of error is:
The activation energies and frequency factors obtained by the 30 kinetic mode functions are compared with the results obtained by the FWO method. It can be seen that the influence of the selection of the kinetic mode function on the activation energy solution is quite significant, and determining an appropriate kinetic mode function is very important for solving the kinetic parameters of the Tartary buckwheat flour. By comparison we find that the kinetic mode functions that satisfy the conditions are: No. 4, 6, 10, 11. Then by comparing the linear fits, we find that the No.10 function has the highest linear fit and its activation energy is also significantly closer to that obtained by the FWO method. Therefore, function 10 is selected as the kinetic mode function for the Tartary buckwheat flour, that is:
The most probable mechanism function of the thermal decomposition of Tartary buckwheat flour calculated by above formula is:
Establishment of the kinetic equation of Tartary buckwheat flour
The activation energy calculated by the FWO method is: E=235.38 KJ/mol
The frequency factor is: lnA=44.07. Using Stava-Sestak method, the activation energies calculated by 30 kinds of kinetic mode functions are compared and then perform logical analysis of its linear fitness to screen out the most probable mechanism function [16] .
In summary, the kinetic equation is obtained as follows: It can be seen from the data in above table that the solving of kinetic equations has a good simulation of the decomposition of Tartary buckwheat flour. In the temperature range of 560 K~570 K, the reaction rate obtained by TGA images and the values of the model are on the same order of magnitude, the accurate ranges are all above 85%, so the established kinetic mode function is relative reliable. Also, we can see from the table that the accuracy decreases with the increase of temperature, this may be determined by the complex components of the Tartary buckwheat flour itself. This conclusion has also been verified when using FWO method, under a higher temperature, the activation energy, frequency factor and most probable mechanism function have changed [17] [18] [19] [20] [21] . However, in food processing, what we concern most is the first stage reaction, so we will not further solve and discuss the reactions in later stages here.
DISCUSSION
Determination of proper processing temperature
By thermal analysis, we can get the temperature at which the Tartary buckwheat flour begins to decompose is 539.89 K or 266.74 °C. In order to reduce the reaction of Tartary buckwheat flour during the actual production and processing, the processing temperature should be lower than this temperature.
Determination of the best experimental conditions for the kinetic test of Tartary buckwheat flour
By comparing the thermal analysis images obtained by different masses and different heating rate conditions, the best conditions for obtaining the thermal analysis test of the Tartary buckwheat flour by selecting sharp and obvious peak images are: the sample mass is 3.000g, and the heating rate is: 10 °C/min.
Determination of the thermal decomposition stages of Tartary buckwheat flour
Through the thermal decomposition image of Tartary buckwheat flour, we can get that the decomposition of Tartary buckwheat flour can be divided into four stages: the initial dehydration stage, the transition stage, the first reaction stage, and the second reaction stage. Among them, the Tartary buckwheat flour in the transition stage is the most stable, and it is the optimal temperature range for processing, which is 115.00 °C~266.74 °C. In the first stage, the weight loss of the Tartary buckwheat flour is the most serious, and the onset temperature of the reaction is 266.74 °C, and this temperature should be avoided in order to prevent mass loss during processing. The second stage is the final reaction stage of the Tartary buckwheat flour, in which the Tartary buckwheat flour begins to undergo carbonization and other reactions.
Establishment of kinetic model for the thermal decomposition of Tartary buckwheat flour
This paper uses the FWO method to calculate the activation energy of the thermal decomposition reaction of Tartary buckwheat flour to be: 235.38 KJ/mol, frequency factor: LnA = 44.07. By comparing the activation energies solved by the 30 kinds of kinetic mode functions and the activation energy solved by the FWO method, and by comparing the linear fits of the 30 kinetic mode functions, we can find that the No.10 kinetic mode function is the most probable kinetic mode function for the thermal decomposition of Tartary buckwheat flour, that is: It is found through verification that this model has a good simulation effect in the temperature range of 560~570K, which has certain guiding significance for the actual production.
